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Sexual Dimorphism and Secondary Sexual Characters of
Acheilognathus signifer (Cyprinidae: Acheilognathinae)
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The matured female and male of A. signifer differed in external morphology and body color.
There were significant differences in PAD, PAB, PMP and PQR between matured female and
male. Green color was very widely distributed in whole as nuptial color, that is similar to green
and cyan color in the body part, yellow color in the ventral part and red and yellow color in the
tail part. The nuptial organ of A. signifer was formed in a cluster on the horny substance of
both sides above the mouth. There were 25~ 30 nuptial organs in a side. The nuptial organs
disappeared with crumbling down from middle part of nuptial organ after spawning period.
The nuptial organs disappeared mostly in September as non spawning period and a part of the
nuptial organs remained as a vestige in the edges of both sides.
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Fig. 1. Diagrammatic illustration showing the measuring
methods of Acheilognathus signifer. A-G: Total
length, A-F: Standard length, A-E: Predorsal leng-
th, A-D: Head length, A-L: Preanal length, A-B:
Snout length, B-C: Eye diameter, H-1: Caudal
peduncle depth, J-K: Caudal peduncle length, M-P
: Body depth, N-O: Barbel length, Q-R: Interorbi-
tal length, S-T: Body width.
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Table 1. Two-sample t-test on biometric characters grouped by sex in Acheilognathus signifer
Biometric character Group N Mean (mm) SD df p
PAE vate 20 63 M2 w1 oam
PAD" vao 2 267 e w7 ooni
PAL vate 20 .49 M4m0 om
PaB* vate 2 2053 2% w5 oom
Pec vae 2 2428 226 @e o
P Va2 1312 0T ses e
PIK ;e;eale 28 igji ;Zg 338 0.131
PyP- vae 2 7 29 ae ooos
PNO vate 2 2504 298 o1 oo
PRR” mjle 28 g?% iﬁggg ar1 0.001<
PST ;e;:"e o o i:i% 36.4 0.104

Abbreviations, PAE: percentage of predorsal length about standard length, PAD: percentage of head length about standard length, PAL:
percentage of preanal length about standard length, PAB: percentage of snout length about head length, PBC: percentage of eye diameter
about head length, PHI: percentage of caudal peduncle depth about standard length, PJK: percentage of caudal peduncle length about
standard length, PMP: percentage of body depth about standard length, PNO: percentage of barbel length about head length, PQR:
percentage of interorbital width about head length, PST: percentage of body width about standard length.
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Fig. 2. Dispersion and mean of biometric characters in Korean bitterling, Acheilognathus signifer collected at
Naechoncheon in Hongcheon-gun, Gangwon-do from May, 2004. Abbreviations, PAD: percentage of head length
about standard length, PAB: percentage of snout length about head length, PMP: percentage of body depth about
standard length, PQR: percentage of interorbital width about head length.
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Fig. 3. Analyses of nuptial color pattern in Korean bitterling, Acheilognathus signifer collected at Naechoncheon in
Hongcheon-gun, Gangwon-do from May, 2004. A: Nuptial color of Acheilognathus signifer collected at
Naechoncheon in Hongcheon-gun, Gangwon-do from May, 2004. B: Blacks color distribution, C: Reds color
distribution, D: Greens color distribution, E: Yellows color distribution, F: Cyan color distribution.
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Fig. 4. Photographs of scanning electron microscope of nuptial organ in Korean bitterling, Acheilognathus signifer. A:
Frontal view (spawning season), A": Frontal view (non-spawning season), B, C: Lateral view (spawning season), B',
C': Lateral view (non-spawning season), D: Morphology of nuptial organ (spawning season), D": Vestige of nuptial

organ (non-spawning season).



146 a5

Sl A= A= AT dZFe 25~307] H=
9] ZAo] 9, 11 F7|= sl 27 70~280 um, =)
90~150pum= §} FU4E 7|FoR wpgFoz siwA
2717 AA otk A7) 7b Aup Zoprele] =
ARE Ao sEoixmA Alebzich v]AkEz| 9l 94
ol FA o] tRE AlEpA| AL of 3R] dRike] E
oz ol glglon, A7)z} HW 1 zE]elA] B
FAd o] sl el (Fig. 4).

sk

A. signifer= dulx o= ’\9‘]0] AART v|wd =
w o8t Z7)9] zleol= AL 2fe]7} opE}
E3h= A% AlelolA ]‘315]*:‘3]. WAL F F A

A1 AR F S g8 HA RS %
A 4R 2] A7) E AR B2, Algkel] Fefshe HA
TLAME FFle] ARG dAz A e e
2 By vl e (W 5, 2002). A7) 9] A 2he
227, Unio douglasiae sinuolatus& Aoz A& 4

< A5k, A fAste] AlREEA Hd), old B
FH o] FAL] 2o}l AEAS FrIA HE
= F2 V2 4&43 ALz Al s}
R A3 o)A 7k Aee] =+
% Aol A EHFAE A

0

Lo ¢

(oo i fu Rl oo
£,
2
- T

gy

N

A

2 o

N

2o o H
_(‘)1_1/

Azt e 9
ALE s ARl #27Ee] AA ot dFlE
Qlslr] $Jsted MM g ¥ol7]= gt} (Candolin
and Reynolds, 2000). A. signifer =712] &£elM 2 ZX]
=] AL wrt gelAa, o] | AsA= 5
o] slot, shzlel AL Ao F&gdEs
Slol = A7) S} WIALRY] Abelo] T AholHE
ZAsA] B3l A signifers ZHd A}, A. koreensis,
ARG, A somjinensis 53 A4, A& v]=g 9
°] Fo= 2% A== ¢ AR & A
ol A A A3k l A HHE olgsr Y ols Bt
tod Abggtehw o 7o) &1 I sirlelut fA} o
7] #RHAZA ol § 7bsT Aoz Bt
%4 (nuptial organ)<- °J] 3} (Cyprinidae)t} 2],
Plecoglossus altivelis 2] o] FollA] AlEl7]o] E-o| )
Argu] mdld Jelh= Aoz (7, 1991), A. signifer
o F4e) BAL 99 u}i 9 Yoz 747 9ol

A9 YYRgon, = T 3 Ao} st 5o Y F

o f
o[

S )
2 F

ou —14 ot % A L oX

ol

W gelt 4ol WAEA e F4e) sl o

2 RReokstel A Ve FARE (2, 190 ik,
1969)¢} FHEE= Ho=m T/\}}—Ol A. koreensis= 2]
el FAo] A, &AL Tanakia tanago: &
2‘,—13414- et FHol| = FAl o] Rx3le] A signifere} nj

£ 540 gtk FAL AT YT A=
25} opel, Able] A4l AR ez Bole o
279 AR A el e 448 =
Folml, AkAle] WAE AFaE ol Abgale
AA)e] A olsleht £8o] Hpe 33
Ao WA 71a 9 AR dge 79T Be
slezlet vk,

rlu rL-l

S e ot g

~ (@]
| i

A signifere] Ad<3t b4y o3 oz efo} AN
o}2 1, Hubbus and Laglar (1964)2] vl ulz} A
g 1170 9] A FellA AAe] g 7 gl Ao
B, el gk B F kb4 e W dnlelA o
2ol oq Aol7h Y EAAL Aoz =
Ade) Aol 7bg F@A FES] FEIES 24

FEAAG, ) Eeele mAADe] HRro)g]
A RE HeAA AT e A o) Rxalg A
signifere] &AL ¢l¢] ul=z 9 ¢kEoz 7+A 9 ]
5o} WAse] slleh Bl 25~307) Awe] FA
o] QIS HIAKREZIQl 9ol FAE TR Abebd 3

o Eypol] Yyt EHom ol glgleh

o

4 Y B

o

)>

H

g

ol (i

0
ko
Ho
rok

Baek, H.M., H.B. Song and O.K. Kwon. 2004. Reproductive
Behavior of the Korean Bitterling, Acheilognathus sig-
nifer (Cyprinidae; Acheilognathinae). Kor. J. Ichthyol.
16:201~209.

Berg, L.S. 1907. Description of a new cyprinoid fish Achei-
lognathus signifer from Korea with a synopsis of all the
Korean Rhodeina. Ann. Mag. Nat. Hist. 19:159~193.

Candolin, U. and J.D. Reynolds. 2000. Sexual signaling in
the European bitterling: females learn the truth by
direct inspection of the resource. Behavioral Ecology 4 :
407 ~411.

Hubbus, C.L. and K.F. Lagler. 1964. Fishes of the Great
Lakes region. Univ. of Michigan Press. Ann. Arbor, pp.
213.

7ozt - 71wk 2001, g=RAE dHkES 3% (Wseiah o] A

$



A o]3. ghre] F83]#], 13:117~122.

4=, 1974. 3+=4F 7]&Z7) Cobitis taenia Linne2] <

2. o|2pAg Aol W3}, =8 ’\EPEW 7:49~55.

. 2002. JAIGALE A, somjinensis®] o] x}Ad

'& o733 FAed 3

o
°

- 7123, 2005. 9
kA, A{ <, pp. 106 ~112.

A4 (o)) o1 fe] A
o1&l uirleke] =8, pp. 1~132.
5-27) (Cottus poecilopus Heckel)2] A
83|, 8:14~21.

S E3% . 0o 2002, UG A
JA}2, Acheilognathus signifer2] <
3], 14:254~261.

- 3% e 2003 A ARl
@212, Acheilognathus signifere] Al Al<
5h=o] {332, 15: 278 ~288.

&7l 2005. B2 Acheilognathus signifer (Cyprini-

3, ZF e S pAaESl e, pp. 1~

dae)e] AejEd <

I=J

En

= 6—]~ >l

b R |

N
R
ot
ol

T

=:
-+

2+
toy

2]y

=

oot

A=
o
B AR T

H

3}
1y
=t

ik
H

ul

i

ot o|xt M43 147
186.
My . £352 2005 23xFE Acheilognathus signifer

(Cyprinidae; Acheilognathinae)®] = W Alets} 584
2. 3Zo]7-8t3]%], 17: 105~ 111.

43 B 1994. &A%, Acheilognathus yamatsutae Mori
(Je15he) s AT A sm whAee) =, pp.
1~181.

- wlEn) . 2o = 2005. Wel, Rhinogobius brunneus
(Pisces: Gobiidae)®] A= o|3 Y $719] o]F. =4
e} 8}-3]%], 28 : 295~ 303.

FEE - AL - Ao - Y. 1990, o] {3 8o A
AL M2, pp. 1~125.

A4 - oFFF. 1987. Pungitiusg: o] 72 A ]38, 1987
= FAstEtx 7], 194 pp.

A H K AR, 1939. Fff BOEEE, B, HRSEME, ASEAE. 3
SRR K A SR 3. pp. 133~ 140.

RHEFFH. 1975. - R o » - 4H. K/Kk &, 2:120~133.

HRATSFAL. 1969, H AR o 4 BHAE. BRIEHERIZE T, HOR,
pp. 5~99.

5
S5 8

Received: February 7, 2006
Accepted: May 15, 2006



